Lentiviral vector-mediated transduction of neural progenitor cells before implantation into injured spinal cord and brain to detect their migration, deliver neurotrophic factors and repair tissue.
Stem cells represent an attractive source for cell replacement therapy in neurological disorders due to their self-renewal and multi-potency. Genetic manipulation of these cells may allow controlled release of therapeutic proteins, suppress immune rejection, or produce essential neurotransmitters. Furthermore, when the expression cassette is incorporated into the host genome ex vivo, this technique also may be used as a method to trace cells following implantation into tissues of interest. We explored the possibility of transducing pluripotent fetal rat cortical neural progenitor cells (NPCs) using lentiviral vectors encoding the green fluorescent protein (GFP) or neurotrophic factors (BDNF, CNTF, D15A, GDNF, MNT and NT-3) prior to implanting these cells into the contused spinal cord or injured brain. In vitro staining of these cells for neural markers (such as nestin, GFAP, Tuj-1 and RIP) after transduction did not reveal any significant difference from non-transduced cells. When they were transduced with a vector encoding CNTF or MNT, however, cells started expressing GFAP in vitro. Following delayed (1 week) implantation into the lesion site of the moderately contused rat spinal cord or the injured brain, transduced cells survived up to 12 weeks post-implantation (the longest time point examined) and most of the NPCs turned into an astrocytic phenotype in the spinal cord, but not in the brain. Nestin and GFP positive cells were detected in the brain, but not in the spinal cord lesion. GFP positive cells in the spinal cord migrated rostrally and caudally from the lesion/implantation site towards uninjured tissue. Novel findings in this study are the longterm expression of a foreign gene in NPCs using lentiviral vectors; this enabled tracking of the cells following implantation. This expression also allowed the observation that NPCs developed differently in the injured spinal cord and brain. Moreover, NPCs could be transduced to overexpress neurotrophic factors. In sum, NPC survival and the long-term transgene expression that allows easy tracking of migrating cells make NPCs promising candidates for implantation into the injured spinal cord or brain and a potentially powerful tool to enhance regeneration when transduced ex vivo to produce therapeutic molecules.